I. INTRODUCTION
In order to produce high power at microwave and millimeter-wave frequencies the output powers of many solid-state devices are combined. Quasi-optical freespace power combiners eliminate losses associated with waveguides and transmission lines. Quasi-optical grid oscillators are periodic, strongly coupled, oscillating structures based on integrating active devices directly into a planar array. Fig. 1 shows the approach. The first grid oscillator was a 5-GHz 100-MESFET grid demonstrated by Popovic e2 al. [l] . A 100-MESFET oscillator grid produced 10 W at 10 GHz [2] . A monolithic grid was demonstrated that oscillated at 35GHz [3] . The Eplane radiation pattern of this grid is shown in mirror active grid tuning slab
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Eplane angle, degrees less than the main-lobe peak. D.W. Griffin [5] pointed out that the unsatisfactory Eplane pattern is due to substrate-mode excitation that contributes to the radiation pattern through the edges of the grid.
In this paper the design and performance of a 36-element InP HEMT grid oscillator is described. A photograph of the grid is shown in Fig. 3 . The period of the grid and the electrical thickness of the substrate, control the substrate-mode excitation. To minimize the power in the substrate modes we use a thin (254pm) Duroid substrate with a dielectric constant of 2.2. This gives an electrical thickness at the oscillation frequency of only 19'. We also chose the vertical and horizontal period of the grid to minimize substrate-mode excitation. 
DESIGN
The devices are AlInAs/GaInAs on InP HEMT's fabricated at Hughes Research Laboratories. The HEMT's have a total gate width of 75pm [6, 7] . The devices have a peak transconductance of 848 mS/mm and a full channel current of 750 mA/mm measured at a gate bias of 0.2V and a drain bias of 1.5V.
In order to analyze the grid we assume that all devices are identical. Each device lies in an equivalent waveguide unit cell which is defined by the symmetry of the grid. This equivalent unit cell has magnetic walls on the sides and electric walls on the top and the bottom as shown in Fig. 4 . The vertical spacing determines the excitation of TM modes and the horizontal spacing determines the T E mode power. We calculated the substrate-mode power for a 6x6 array of uniformly excited dipoles and another array with alternating 180" phase shifts. We selected spacings that gave low substrate-mode power levels. The transmission-line equivalent circuit is shown in Fig. 5 . The inductances and capacitances shown are calculated using the EMF method [8] . Free space is represented by 3 7 7 4 scaled by the aspect ratio b / a of the unit cell. The circulator is inserted a t the drain terminal to calculate the saturated circular function. This approach is described in [9] . The locus of the function crosses the zero-phase, unity-magnitude point at 44.3 GHz, indicating an oscillation at this frequency.
PERFORMANCE
An HP8563A spectrum analyzer with an HP11974-series preselected mixer was used to measure the oscillation spectrum of the grid (Fig.7 ). An output tuner was placed in front of the grid that stabilized the signal and maximized the output power. The tuner used is a X,/4-thick dielectric slab with a dielectric constant of 10.5 placed 6.5 mm in front of the grid. All devices in a single row are biased in parallel. Four separabe dc supplies are used (one for each of the top and bottom rows, one for rows 2 and 3, and another for rows 4 and 5). The separate supplies allowed us to control the angle of the be tuned to operate at other frequencies and different power levels. These tuning curves are shown in Fig. 9 .
The ERP and frequency repeat at half-wavelength intervals.
IV. CONCLUSIONS
A 43-GHz 36-element grid oscillator has been demonstrated with an ERP of 200mW. The grid was designed to reduce substrate-mode excitation. This grid also demonstrated that hybrid circuit techniques can be used for quasi-optical grids at millimeter-wave frequencies. The electrical thickness and the geometry of the array (spacing of the devices) can control the excitation -. - Mirror distance from the grid, mm Fig. 9 . Frequency and power tuning of the grid as a function of mirror position. For these measurements a dielectric slab was placed 6.5" in front of the grid.
of substrate modes.
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